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CORE WIRE WITH SHAREABLE TIP 

Background of the Invention 

field of the Invention 

The present invention relates generally to surgical device design and fabrication and, more particularly, to 
5 core wires for use in catheters and the like. 
Description of the Related Art 

Medical catheters, such as guidewires and balloon catheters, have been proven efficacious in treating a wide 
variety of blood vessel disorders. Moreover, these types of catheters have permitted clinicians to treat disorders 
with minimally invasive procedures that, in the past, would have required complex and perhaps Gfe threatening 
10 surgeries. For example, balloon angioplasty is now a common procedure to alleviate stenotic lesions (Le M clogged 
arteries) in blood vessels, thereby reducing the need for heart bypass operations. 

Because medical catheters must be passed through a tortuous blood vessel network to reach the intended 
treatment site, it is desirable that the catheters be fairly flexible, especially at the distal end. However, the distal 
end must not be so flexible that it tends to bend back upon itself when the clinician advances the catheter distal 
15 end through the patient. 

One method of imparting desired flexibility characteristics to a catheter has been to incorporate a "core 
wire" into the distal end of the catheter. A core wire is a wire that extends from the distal end of a catheter body, 
• pioviding structural support to the distal end to prevent bend backs or kinks during catheter advancement'. 
Furthermore, the core wire is also flexible, such that the catheter distal end may navigate tortuous blood vessel 
20 networks or other body cavities. 

Previously known catheter core wires may not be sufficiently rigid at the very distal tip of the wire. In 
particular, catheter core wires are commonly formed of superelastic materials such as NiTi alloys which exhfoit an 
elastic response when subject to stress. Superelasticrty refers to the ability of a material to undergo deformation 
and to return to its original configuration without being permanently or "plastically" deformed. This superelasticitY. 
25 often referred to as transformational superelasticity, exhibits itself as the parent crystal structure of the material 
as it transforms into a different crystal structure. In superelastic materials the parent crystal structure is known 
as the austenhic phase and the product crystal structure is known as the martensitic phase. Such formal martensite 
is termed stress-induced martensite. 

While superelasticity may be desirable for the majority of the core wire, superelasticity at the very distal 
30 tip of the core wire creates the problem that the tip will not be shapeable. Shapeability is desirable so that a doctor 
or other person inserting the catheter into the body can shape the tip into a form advantageous for insertion and 
navigation through the body. If the tip of the core wire is superelastic, the material cannot be shaped. 

An additional problem with previously known core wires is that they may not be securely attached to the 
distal end of the catheter. What is needed is a method to make the connection between the catheter and the core 
35 wire secure so that these stress of vascular navigation will not cause breakages. 
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Summary of the Invention 

The present invention addresses the needs raised above by providing an improved core wire for use in a 
medical catheter. In one aspect of the invention, there is provided a core wire with a shapeable tip and method of 
manufacturing the same. A core wire previously made superelastic is subject to additional processing to remove 
5 superelasticity from a distal tip, thereby allowing the material at the distal tip to be shapeable to aid in advancing 
the core wire through a blood vessel or other body cavities. 

In one embodiment, the core wire is manufactured by first providing an elongate body of Nill alloy or similar 
material. This elongate body is subject to a first cold working in the range of about 20 to 40%. A heat treatment 
in the range of about 300° to 600°C for 10 seconds to 60 minutes is performed to impart superelasticity to the 
10 body. Following heat treatment the distal end of the core wire is cold worked from about 10 to 50%, removing 
superelasticity from this end and producing a shapeable tip at the end of the core wire. The core wire that results 
is a flexible, superelastic body having a shapeable distal tip with no superelasticity. 

Alternatively, once the NiTi is imparted with superelastirity, the distal end of the core wire can be removed 
of its superelasticity by an additional heat treatment. Heat treatments at temperatures of about 400-800°C for 
15 extended periods of time will cause the material to lose its superelasticity at the distal end. Additionally, 
superelasticity can be imparted to the core wire by a solution treatment followed by aging process. 

In another embodiment of the present invention, a method is provided for securing the core wire to the 
distal end of an elongated catheter tubular body. Conventional means for attaching a core wire to a catheter body 
is by soldering, which uses flux of hydrogen. NiTi alloys are susceptible to hydrogen embrittlement, which will in 
20 turn diminish the tensile strength of the material. Because of the stresses involved in advancing the catheter through 
a vessel network, it has been discovered that a core wire soldered to a catheter may break off during catheter 
advancement. In one aspect of the present method, the tubular body is mechanically crimped onto the core wire 
to secure the core wire in place. This crimping method has been found to increase the strength of the bond between 
the core wire and the catheter tube so that greater pull force is required to break the core wire off from the 
25 catheter. 

Brief Description of the Drawings 
FIGURE 1 is a side view of a catheter incorporating the core wire of one embodiment of the present 

invention. 

FIGURE 2 is a longitudinal partial sectional view of a distal portion of the catheter implementing the 
30 preferred core wire before balloon mounting. 

FIGURE 3A is a schematic view of a first process step for producing the core wire. 

FIGURE 3B is a schematic view of a second process step for producing the core wire. 

FIGURE 3C is a schematic view of a third process step for producing the core wire. 

FIGURE 3D is a schematic view of a fourth process step for producing the core wire. 
35 FIGURE 4A is a side view of the core wire manufactured in eccordance with the preferred method of the 

present invention. 
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FIGURE 4B is a cross-sectional view along Bne 4MB of the core wire of FIGURE 4A. 
FIGURE 5 is a graph comparing the elastic characteristics at the proximal end and at the distal tip of the 
core wire. 

FIGURE 6 is a longitudinal cross-sectional view of a distal portion of the catheter implementing the preferred 
5 core wire after balloon mounting. 

Detailed Description of the Preferred Embodiments 
Referring to FIGURE 1, there is depicted a catheter 10 incorporating the core wire in accordance with the 
preferred embodiment of the present invention. Although the core wire is depicted and discussed in the context of 
being part of a simple occlusive device having a single lumen, it should be appreciated that the principles and aspects 

10 of the present invention are applicable to more complex occlusive devices having structures and functionalities not 
discussed herein. For example, the present inventors contemplate that the core wire of the present invention may 
be used in occlusive devices functioning as anchorable guide wires or filters. In addition, the core wire of the 
present invention is also applicable to catheters having other types of balloons, such as latex or silicone, or to 
catheters used for dilatation balloons, made of materials such as polyethylene terephthalate. Moreover, the core wire 

15 of the present invention may also be adapted to other types of non-balloon catheters, such as irrigation catheters 
used in drug delivery or radiation therapy. The tip design of the core wire can also be applicable to ordinary 
guidewires. In this case the guidewire may be hollow or solid. The manner of adapting the core wire of the present 
invention to these various structures and functionalities win become readily apparent to those of skill m the art in 
view of the description which follows. 

20 Guidewires and Catheters 

FIGURES 1 and 2 illustrate a guidewire or similar catheter incorporating a preferred embodiment of the 
core wire of the present invention. The manufacture and construction of the core wire is described in more detail 
below in connection with FIGURES 3 and 4, respectively. Referring to FIGURE 1, catheter 10 generally comprises 
an elongate flexible tubular body 12 extending between a proximal control end 14, corresponding to a proximal 

25 section of the tubular body 12, and a distal functional end 16, corresponding to a distal section of tubular body 12. 
Tubular body 12 has a central lumen 18 which extends between ends 14 and 16. An inflation port 20 is provided 
on tubular body 12 near the proximal end 14. Inflation port 20 is in fluid communication with lumen 18, such that 
fluid passing through inflation port 20 into or out of lumen 18 may be used to inflate or deflate inflatable balloons 
in communication with lumen 18. Lumen 18 is sealed fluid tight at distal end 16. Inflation port 20 may be stmOar 

30 to existing female luer lock adapters or would be a removable valve at the end, as disclosed in assignee's co-pending 
application entitled LOW PROFILE CATHETER VALVE AND INFLATION ADAPTER, Application Serial No. 08/975,723, 
filed November 20, 1997, the entirety of which is incorporated by reference. 

The length of tubular body 12 may be varied considerably depending upon the desired application. For 
example, where catheter 10 serves as a guidewire for other catheters in a conventional percutaneous transluminal 

35 coronary angioplasty procedure involving femoral artery access, tubular body 12 is comprised of a hollow hypotube 
having a length in the range of from about 160 to about 320 centimeters with a length of about 180 centimeters 
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being optimal for a single operator device and 300 centimeters for over the wire applications- Alternately, for a 
different treatment procedure, not requiring as long a length of tubular body 12, shorter lengths of tubular body 12 
may be provided. Moreover, the catheter 10 may comprise a solid body rather than a hollow hypotube. 

Tubular body 12 generally has a circular cross-sectional configuration with an outer diameter within the 

5 range of from about 0.008 inches to 0.14 inches. In many applications where catheter 10 is to be used as a 
guidewire for other catheters, the outer diameter of tubular body 12 ranges from 0.010 inches to 0.038 inches, and 
preferably is 0.014 to 0.018 inches in outer diameter or smaller. Non-circular cross-sectional configurations of lumen 
18 can also be adapted for use with the present invention. For example, triangular, rectangular, oval, and other non- 
circular cross-sectional configurations are also easily incorporated for use with the present invention, as wffl be 

10 appreciated by those of skill in the art 

Tubular body 12 has sufficient structural integrity, or "pushabffity," to permit catheter 10 to be advanced 
through vasculature to distal arterial locations without buckfing or undesirable kinking of tubular body 12. It is also 
desirable for tubular body 12 to have the ability to transmit torque, such as in those embodiments where it may be 
desirable to rotate tubular body 12 after insertion into a patient. A variety of biocompatible materials, known by 

15 those of skill in the art to possess these properties and to be suitable for catheter manufacture, may be used to 
produce tubular body 12. For example, tubular body 12 may be made of a stainless steel material such as Hgfloy 
(TM), or may be made of polymeric materials such as nylon, polytmide, polyamides, polyethylene or combinations 
thereof. In one preferred embodiment, the desired properties of structural integrity and torque transmission are 
achieved by forming tubular body 12 out of an alloy of titanium and nickel commonly referred to as nitmol. In a 

20 more preferred embodiment, the nittnol alloy used to form tubular body 12 is comprised of about 50.8 % nickel and 
the balance titanium, which is sold under the trade name Tinel (TM) by Memry Corporation. It has been found that 
a catheter tubular body having this composition of nickel and titanium exhibits an improved combination of flexibility 
and kmk resistance in comparison to other materials. Further details are disclosed in assignee's co-pending 
applications entitled HOLLOW MEDICAL WIRES AND METHODS OF CONSTRUCTING SAME, Application Serai No. 

25 08/812,876, filed March 6, 1997, and SHAFT FOR MEDICAL CATHETERS (Attorney Docket No. PERCUS.055A), 
Application Serial No. 09/026,105, filed on the same date as the present appBcation, both of which are hereby 
incorporated by reference. 

As illustrated in FIGURE 1, an expandable member such as an inflatable balloon 22 is mounted on tubular 
body 12. Balloon 22 may be secured to tubular body 12 by any means known to those skilled in the art such as 
30 adhesives or heat bonding. In one preferred embodiment, balloon 22 is a compliant balloon formed out of a material 
comprising a block polymer of styrene-ethylene-butytene-styrene, as disclosed in assignee's co-pending application 
entitled BALLOON CATHETER AND METHOD OF MANUFACTURE (Attorney Docket No. PERCUS.010CP1), Application 
Serial No. 09/026,225, filed on the same date herewith, the entirety of which is incorporated by reference. 

Referring to FIGURE 2, a distal portion of tubular body 12 is shown before mounting of the balloon 22. 
35 A notch 24 is provided in the tubular body 12 to allow fluid communication between the inner lumen 18 and the 
balloon 22 (not shown) attached to the tubular body 12. An elongate body or core wire 26 is provided at the distal 
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end 36 of the tubular body 12, and extends within the inner lumen 18 of the tubular body 12 to a position visible 
through the notch 24. Adhesive stops 56, 58 are provided on tubular body 12 to prevent adhesive bonding of the 
balloon 22 past the location of the stops, as disclosed in the above-ref erenced appfication BALLOON CATHETER AND 
METHOD OF MANUFACTURE (Attorney Docket No. PERCUS.010CP1), Application Serial No. 091026,225, fled on 
5 the same date herewith. 

Core wire 26 is preferably formed of a shape memory alloy, such as nitinol, but may also be formed of 
other materials, such as stainless steel The core wire 26 extends from a proximal end 48, corresponding to a 
proximal section of the core wire, to a distal end 30, corresponding to a distal section of the core wire. The core 
wire 26 has a flattened tip 28 at its distal end 30, as described in more detail below in connection with FIGURES 
3 and 4. Core wire 26 may range in length from about 20 mm to 100 mm, or more preferably from about 25 mm 
to 50 mm, and for most occlusive device applications, is typically about 40 mm. In one preferred embodiment, the 
length of the core wire is about 37 mm. Flattened tip 28 extends from the distal end 30 for a length between about 
5 and 10 mm, and more preferably about 7.5 mm. 

As shown in FIGURE 2, coil 32 is provided around the core wire 26 and extends substantially along the 
entire length of core wire 26, from the distal end 30 of core wire 26 to the distal end 36 of tubular body 12. Coil 
32 is soldered at the distal tip 30 of the core wire 26 forming a ball 34. Coil 32 is secured to the distal end 36 
of tubular body 12 by suitable means such as soldering, brazing, or by an adhesive, as described in more detail 
below. One preferred adhesive type for connecting coil 32 to tubular body 12 is a cyanoacrylate such as LOCTITE 
4011, although, as will be appreciated by those of skill in the art, other similar adhesives adopted to form metal 
to metal bonds may also be used. Cofl 32 is formed of a suitable radiopaque material such as gold, platinum or a 
platinum alloy. Coil 32 can have a suitable outside diameter which corresponds to the outer diameter of tubular body 
12, and can have a suitable length ranging from about 10 to about 50 mm. For example, where tubular body 12 
has an outer diameter of 0.014 inches, and core wire 26 has a length of 37 mm, coil 32 may have a length of about 
35 mm. 

As described in more detail below, the core wire 26 and the coB 32 are formed into a subassembly prior 
to attachment to tubular body 12. Once the cofl 32 is attached to the core wire, the proximal end 48 of core wire 
26 is inserted into tubular body 12 at distal end 36. Two crimps 38 and 40 are provided near the distal end 36 
of the tubular body 12 to secure the core wire 26 to the tubular body. The crimps are preferably located in a 
location between the notch 24 and the distal tip 36 of the tubular body 12. The crimps are preferably located a 
distance 0.5 to 1.5 mm apart, and more preferably, about 1.0 mm apart. The more distal crimp 40 preferably is 
located about 0.5 mm from the distal tip 36 of tubular body 12. 
Manufacture of the Core Wire 

Referring to FIGURES 3A, 3B, 3C and 3D, the core wire 26 can be manufactured by facilitating various 
thermal and/or mechanical treatments. The alloy comprising the core wire is preferably a NiTi or other superelastic 
alloy with a length preferably from about 20 to 50 mm, and more preferably with a length of about 37 mm. The 
alloy can be made superelastic by cold working the material and then heat treating the alloy. In the first step, a 
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cold work can be performed to reduce the core wire diameter. Various facilitating instruments such as swager, metal 
extrusion and drawing equipment can be utiGzed to provide cold work. In a preferred embodiment the core wire 26 
is shaped by wire drawing the material at a preferred cold work range of about 20-40%, as shown in FIGURE 3A. 
In step two of the process shown in FIGURE 3B, following the cold work the core wire is preferably heat 

5 treated at a temperature range between about 300 and 600°C. This heat treatment can preferably be done in a 
salt bath, such as potassium nitrate, or in a protective atmosphere, such as Argon gas, for about 10 seconds to 60 
minutes. In this embodiment, the heat treated core wire 26 may not be quenched but preferably cooled down to 
room temperature in a protective atmosphere. This heat treatment imparts supereiastic characteristics to the core 
wire. Heat treatments below 750°C do not result in heavy oxidation and therefore may be performed in air. 

10 Step three in the process shown in FIGURE 3C provides the core wire 26 with a tapered configuration 

toward its distal end. The tapering of the wire may be produced by a centeriess grinding technique or similar method 
as would be known to one skilled in the art. In one preferred embodiment for a core wire with a length of about 
37 mm, the wire 26 may be tapered over a distance of about 30 mm. 

The fourth step of the process shown in FIGURE 3D is to remove the superelasticity from the distal end 

15 of the core wire by providing an additional cold work at the distal end 30. This cold work is preferably performed 
by roBers to produce a flattened tip 28 at a length about 5-10 mm from the distal end 30, and more preferably for 
a length of about 7.5 mm. The preferred cold work range is between about 10 and 50%, and more preferably about 
40%. Alternate means for cold working the distal end of the core wire may be used, such as wire drawing or 
neutron radiation, or other means that would be known to those skiled in the art. As a result of the cold working, 

20 the nitinol core wire deforms to a cold worked martensite phase. 

As shown in FIGURE 4A, the core wire that results from the above descrfced manufacturing has a constant 
cross-section from proximal end 48 to a boundary 42, and then tapers in an extending portion 46 from a greater 
diameter at boundary 42 to a smaller diameter at second boundary 44 towards the distal end 30 of the wire 26. 
The cross-sectional area of extending portion 46 decreases by at least about 20%, preferably by at least about 60%, 

25 more preferably by about 70%, and optimally by about 80% or more. In one embodiment, the core wire has a 
diameter of about 0.075 inches at boundary 42 and a diameter of about 0.003 inches at boundary 44. Beyond 
boundary 44, a region of constant cross-section 28 is provided where the core wire has a planar configuration, as 
shown in FIGURE 4B. This flattened, constant cross-sectional area preferably has a length of between about 5 and 
10 mm, and more preferably a length of about 7.5 mm. The thickness of the tip is preferably in the range of about 

30 0.001 to 0.004 inches, and more preferably, about 0.002 inches. 

As shown in FIGURE 4A, the core wire 26 has a proximal section extending from proxinal end 48 to the 
boundary 44 between the tapered section 46 and the flattened tip region 28 which is supereiastic. The core wire 
26 has a distal section with a flattened tip portion 28 exhibiting no superelasticity. Elastic characteristics of the 
nitinol alloys can be best viewed by the stress strain diagrams obtained from various mechanical testing methods 

35 such as tensile tests, torsion tests, bending tests or compression tests. Among these methods, the tensile test 
emerges as the most common mechanical testing method. In particular, tensile tests provide very useful information 
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about both the type of deformation and the amount of deformation that a test sample undergoes under an applies 
stress. In this respect, FIGURE 5, which shows the stress-strain relationship of the proximal and distal sections 
of core wire 26, provides very valuable information about the deformation characteristics of the wtinol alloy ureter 
tensile test conditions. 

5 As shown in FIGURE 5, the core wire 26 in general exhibits two different types of elastic deformation 

characteristics. The first deformation characteristics is shown by the solid curve 60, corresponding to the stress- 
strain behavior of the distal tip 28. Under the epplied stress the curve 60 follows a substantially linear path 62, 
wherein the material elastically deforms up to a point 64, and upon unloading foBows a substantially linear unloading 
curve 66. There is a slight non-linearity in loading and unloading which causes a hysteresis in strain. The material 

10 at the tip 28 can thus be deformed to about 4% with less than about 0.3% permanent set. 

FIGURE S also shows a stress-strain curve 68 of the proximal section of the core wire 26. Under the 
applied stress the curve 68 follows a substantially inear path 70 where the austenitic phase elastically deforms. 
The austenitic phase elastically deforms with increasing stress up to a critical yielding stress value 72 where 
martensitic transformation begins. After this critical stress point 72, the material continues to transform into 

15 martensite. Throughout the transformation, despite a constant increase in deformation rate of the material, the 
applied stress remains about the same critical stress value 72 thereby revealing the superelastic property of the 
material. This superelastic behavior forms a loading plateau 74 on the curve 68 until the entire austenite phase 
transforms into the martensite phase. 

Still referring to FIGURE 5, at the end of transformation, the curve 68 no longer follows a straight path 

20 but a Gnearly increasing path 76 where the martensitic material elastically deforms up to a point 78 where unloading 
begins. During the unloading, the martensite structure transforms into austenite structure. Due to internal friction, 
there is not en overlap of loading and unloading, and the unloading curve moves down to lower stress values. During 
the course of unloading, the martensitic phase is first unloaded along the substantially linear portion 80 of curve 68. 
At a critical stress value 82, martensite to austenite transformation begins and continues along the unloading plateau 

25 84. Upon completion of austenitic transformation, the elastic deformation on austenitic material is unloaded along 
the linear portion 86. 

Thus, the core wire that results is substantially flexible in a proximal section and has less flexibility, and 
thus, greater shapeability, at a distal tip. In one preferred embodiment, the flexibffity in the proximal section results 
from the material being processed to exhibit transformational superelasticity, i.e., having an austenite phase which 

30 will transform to a martensite phase upon the application of stress. The shapeability of the distal section results 
from the fact that the distal tip 28, because of processing as descr&ed above, is in a martensitic phase, and thus 
exhibits only substantially linear elasticity. 

Other processing than the steps described above may be used to impart flexibility and shapeability to the 
different portions of core wire 26. For instance, instead of cold working and heat treating the wire as shown in 

35 FIGURES 3A and 3B, the core wire can be made superelastic by a solution treatment followed by aging process. 
Solution treatment temperatures are preferably above about 500°C, more preferably above about 700°C, and in one 
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preferred embodiment about 750°C. Following solution treatment the core wire is quenched foflowed fay aging. 
Aging temperatures are preferably in the range of about 300° to 500°C, and more preferably about 3S0°C. 

In addition, supereiastirity can be removed from the distal aid of core wire 26 by providing en additional 
heat treatment on the distal end. The heat treatment can be performed with or without need for the second cold 
5 work step described in FIGURE 3D. The heat treatment preferably occurs at a temperature between about 400° 
and 800°C. For a temperature of 400°C r a heat treatment for about an hour or more is necessary to remove 
superelasticfty from the core wire. For a temperature of 800°C, a heat treatment for about ten minutes or more 
wiD remove superelasticity. Other combinations of temperature and time of heat treatment to remove superelastirity 
from the wire as would be known to those skilled in the art. The resulting material at the distal end is in a 

10 martensite phase having substantially linear elasticity. 
Securing the Core Wire to the Tubular Body 

Referring again to FIGURE 2, and also to FIGURE 6 showing a cross-section of the assembled distal end 
of catheter 10 f there is depicted tubular body 12 incorporating a core wire manufactured by the present invention. 
The catheter 10 shown in FIGURE 6, in addition to showing the tubular body 12, core wire 26 and cofl 32 as 

15 shown in FIGURE 2, also depicts the balloon 22 mounted on the tubular body 12. A distal marker 54 is located 
on tubular body 12 under an adhesive taper 50 edjacent the proximal end 92 of balloon 22. A distal adhesive taper 
52 is provided adjacent the distal end 94 of balloon 22. Further details are provided in the above-referenced 
application SHAFT FOR MEDICAL CATHETERS (Attorney Docket No. PERCUS.055A), Application Serial No. 
09(026,105, filed on the same date as the present application. 

20 In order to attach the core wire 26 to the tubular body 12, the coil 32 is first attached to the core wire 

26 in a subassembly. The core wire 26 is processed as described above and cut to the desired length. In the 
embodiment shown in FIGURES 2 and 6, the length of the core wire is about 37 mm. The coil 32 is then cut to 
a desired length which is shorter than the length of the core wire. As shown in FIGURES 2 and 6, the cofl length 
is about 35 mm. The coil 32 is then slid over the core wire into a position leaving a proximal end 48 of the core 

25 wire exposed. In the embodiment shown in FIGURES 2 and 6, the proximal end 48 of the core wire 26 is exposed 
about 2 mm. The cod 32 is then soldered to the core wire 26, preferably at two positions on the core wire 26. 
FIGURE 2 shows a proximal solder 88 at an intermediate position on the core wire, and a distal solder which forms 
the ball 34 at distal end 30. Other locations for soldering the cofl 32 to the core wire 26 are also contemplated 
by the invention. 

30 This core wire-coil subassembly is then ready for insertion into tubular body 12. Proximal end 48 of core 

wire 26 is inserted into a lumen 18 of tubular body 12 until the cofl 32 butts against tubular body 12, and core 
wire 26 is visible through notch 24. Core wire 26 is secured within lumen 18 by crimping tubular body 12 such 
that the interior surface of tubular body 12 defining lumen 18 contacts proximal end 48 and firmly secures it within 
lumen 18. Preferably, tubular body 12 is crimped at at least two points to secure proximal end 48 within lumen 

35 18. As shown in FIGURE 2, two crimps 38 and 40 secure the tubular body 12 to the core wire 26. In those 
embodiments where tubular body 12 is made of nrtmol, sufficient crimping pressure must be exerted upon tubular 
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body 12 to overcome the elastic response of mtinoL Generally, this requires exertion of sufficient pressure to deform 
the nitinol tubular body 12 by about 9% or more. For a nitinot tubular body 12 having an outer diameter of 0.014 
inches, and an inner diameter of about 0.0095 inches, to be crimped over a nitinol core wire end 48 having an outer 
diameter of about 0.009 inches, it has been found that a pressure of about 120 ksi is sufficient Other pressures 
5 may also be used provided that they are sufficient to cause tubular body 12 to securely contact core wire 26, but 
not so great as to unduly deform tubular body 12. 

End 48 may be further sealed by use of adhesives 90 which are used to seal the balloon 22 to tubular body 
12. As shown in FIGURE 2, balloon 22 is sealed at a proximal end 92 to the tubular body 12, and at a distal end 
94 to the co3 32 and tubular body 12. The balloon 22 is bonded to tubular body 12 and the coil 32 by the 

10 adhesive 90, preferably a cyanoacrylate such as LOCT1TE 4011, although other types of adhesives may be used. 
The adhesive 90 is applied to the proximal and distal ends 92 and 94 of the balloon 22 and wicks into the balloon 
22 up to the position of the adhesive stops 56 and 58. Further details of balloon bonding are given in the above 
referenced application BALLOON CATHETER AND METHOD OF MANUFACTURE (Attorney Docket No. 
PERCUS.010CP1), Application Serial No. 09/026,225, filed on the same data herewith. This adhesive 90 acts not 

15 only to seal the balloon to the catheter, but also to aid in sealing the cofl 32 to the distal end 36 of tubular body 
12. 

It will be appreciated that certain variations in the method of manufacture of the core wire of the present 
invention may suggest themselves to those skilled in the art. The foregoing detailed description is to be dearly 
understood as given by way of illustration, the spirit and scope of this invention being limited solely by the appended 
20 claims. 
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WHAT IS CLAIMED IS : 

1. A method of manufacturing a core wire, comprising the steps of: 

providing an elongate body having proximal and distal sections and proximal and distal ends; 
imparting superelasticity to the elongate body; and 
S removing superelasticity from the distal section of the elongate body following the imparting of 

superelasticity to the elongate body to provide the distal section with a shapeable tip. 

2. The method of Claim 1 wherein the core wire is made of a NiTi alloy. 

3. The method of Claim 1 wherein removing superelasticity from the distal section results in the distal 
section being in a martensite phase. 

tO 4. The method of Claim 1 wherein superelasticity is imparted to the elongate body by cold working 

the body followed by heat treatment. 

5. The method of Claim 4 wherein cold working of the elongate body reduces the cross-section of 
the body about 20 to 40%. 

6. The method of Claim 4 wherein the heat treatment of the elongate body following cold working 
15 occurs at a temperature between about 300° and 600° C for about 10 seconds to 60 minutes. 

7. The method of Claim 1 wherein superelasticity is imparted to the elongate body by solution 
treatment of the body followed by aging. 

8. The method of Claim 7 wherein the solution treatment of the body occurs at a temperature above 
about 500°C. 

20 9. The method of Claim 7 wherein the solution treatment of the body occurs at a temperature of 

about 750°C. 

10. The method of Claim 7 wherein aging occurs at a temperature of about 300° to 500° C. 

11. The method of Claim 1 wherein superelasticity is removed from the distal section by cold working 
the distal section of the elongate body. 

25 12. The method of Claim 1 1 wherein cold working of the distal section reduces the cross section of 

the distal section about 10 to 50%. 

13. The method of Claim 11 wherein cold working of the distal section produces a flattened distal 

section. 

14. The method of Claim 13 wherein the flattened distal section extends about 5 to 10 mm from the 
30 distal end of the elongate body. 

1 5. The method of Claim 1 3 wherein the flattened distal section extends about 7.5 mm from the distal 
end of the elongate body. 

16. The method of Claim 13 wherein the flattened distal section has a thickness of about 0.001 to 
0.004 inches. 

35 17. The method of Claim 13 wherein the flattened distal section has a thickness of about 0.002 

inches. 
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18. The method of Claim 1 wherein superelasticity is removed from the distal section by heat treating 
the distal section. 

1 9. The method of Claim 1 8 wherein the heat treatment of the distal section occurs at a temperature 
of about 400° to 800°C. 

5 20. The method of Claim 18 wherein the heat treatment of the distal section occurs at a temperature 

of about 400°C for at least about one hour. 

21. The method of Claim 18 wherein the heat treatment of the distal section occurs at a temperature 
of about 800° C for at least about 10 minutes. 

22. The method of Claim 11 wherein the distal section of the elongate body is heat treated at a 
10 temperature of about 400° to 800°C. 

23. A medical guidewire, comprising: 

an elongate tubular body having proximal and distal sections and proximal and distal ends: 
an expandable member mounted on the distal section of the tubular body; 
a lumen formed in the tubular body for communicating fluids from the proximal end of the tubular 
15 body to the distal end of the tubular body; 

a passageway formed through the tubular body to communicate said fluids to the expandable 
member; and 

_ a core wire having proximal and distal sections securely mounted on the distal end of the tubular 

body, the core wire being constructed of a nickel titanium alloy formed by imparting superelasticity to the 
20 elongate body followed by removing superelasticity from the distal section of the elongate body to produce 

a shapeabie tip. 

24. The guidewire of Claim 23, further comprising a coil provided around the core wire and extending 
from a distal end of the core wire to the distal end of the tubular body. 

25. The guidewire of Claim 24, wherein the coil is secured to the core wire by soldering. 
25 26. The guidewire of Claim 24, wherein the coil is made of a radiopaque material. 

27. A medical device comprising: 
a catheter; and 

a shapeabie tip on a distal section of said catheter, said tip exhibiting substantially Enaar 
elasticity. 

30 28. The medical device of Claim 27, wherein the shapeabie tip is made of a nickel-titanium alloy. 

29. The medical device of Claim 27, wherein the shapeabie tip is in a martenshe phase. 

30. The medical device of Claim 27, wherein the catheter hes a section proximal to the distal section 
which is substantiaBy flexible. 

31. The medical device of Claim 27, wherein the catheter has a section proximal to the distal section 
35 which exhibits transformational superebstitity. 

32. A core wire for use in a medical device comprising: 
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an elongate body having proximal and distal sections, the proximal section having superalastic 
properties and the distal section having a shapeable tip. 

33. The core wire of Claim 32, wherein the proximal section is made superelastic by first coU working 
the body followed by heat treatment. 
5 34. The core wire of Claim 32, wherein the proximal section is made superelastic by solution treatment 

of the body foDowed by aging. 

35. The core wire of Claim 32, wherein the shapeable tip is formed by cold working the distal section 
of the elongate body. 

36. The core wire of Claim 32, wherein the shapeable tip is formed by heat treating the distal section 
10 of the elongate body. 

37. The core wire of Claim 32, wherein the shepeable tip has a flattened configuration. 

38. A tip for a medical device, comprising: 

a core wire having a substantially flexible proximal section and a shapeable distal section; and 
a coil surrounding the core wire. 
IS 39. The tip of Claim 38, wherein the proximal section of the core wire exhibits transformational 

superelastichy and the distal section of the core wire exhibits substantially Gnearty elasticity. 

40. The tip of Claim 38, wherein the core wire has a proximal end which is attached to a distal end 
of the medical device. 

41. A method of manufacturing a medical device having an elongate body with proximal and distal 
20 ends, the method comprising the steps of: 

providing means for imparting flexibility to the proximal and distal ends of the elongate body; and 
providing means for imparting shapeabOity to the distal end of the elongate body. 

42. A core wire having proximal and distal sections comprising: 
means for flexibility in the proximal section; and 

25 means for shapeabDhy in the distal section. 

43. A catheter, comprising: 

a tubular body having proximal and distal ends with a central lumen extending between the 
proximal and distal ends; and 

a core wire inserted into the lumen at the distal end of the tubular body, the tubular body being 
30 crimped on the core wire at at least one location to secure the core wire within the lumen. 

44. The catheter of Claim 43, wherein the tubular body is crimped on the core wire at at least two 
locations. 

45. The catheter of Claim 43, further comprising a coil surrounding the core wire. 

46. The catheter of Claim 45, wherein the coil is ettached to the distal end of the tubular body. 
35 47. The catheter of Claim 46, wherein the coil is attached to the distal end of the tubular body by 

the use of a cyanoacrylate adhesive. 
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48. A method of attaching a core wire to a catheter tubular body, comprising the steps oh 
providing a tubular body having proximal and distal sections and proximal and distal ends with a 

lumen extending between the proximal and distal ends; 

providing a core wire having proximal and distal ends; 
5 inserting the proximal end of the core wire into the lumen at the distal end of the tubular body; 

and 

mechanically crimping the distal section of the tubular body on the core wire at at least one 
location to secure the core wire within the lumen. 

49. The method of Claim 48, wherein the tubular body and the core wire are made of a nitinol 

10 material 

50. The method of Claim 49, wherein e crimping force of about 120 ksi is used to crimp the tubular 
body to the core wire. 

51. A catheter comprising: 

an elongate tubular body having proximal and distal sections and proximal and distal ends; 
15 an expandable member mounted on the distal section of the tubular body; 

a lumen formed in the tubular body for communicating fluids from the proximal end of the tubular 
body to the distal end of the tubular body; 

a passageway formed through the tubular body to communicate said fluids to the expandable 

member; 

20 a core wire having proximal and distal sections constructed using a nickel titanium alloy and 

formed by imparting superelasticity to the core wire followed by removing superelasticity from the distal 
section of the core wire to provide the core wire with a shapeable tip; and 

the distal section of the tubular body being crimped on the core wire at at least one location to 
secure the core wire within the lumen. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/42158 



PCTAJS99/03547 



J/6 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42158 



PCT/US99/03547 





SUBSTITUTE SHEET (RULE 26) 



WO 99/42158 



PCT/US99/03547 



26 



J/6 




F/G. JA 



26- 



3 



F/G, JB 



26- 



26- 

i 



F/G JG 




F/G JD 



SUBSTITUTE SHEET (RULE 26) 



WO 99/42158 



PCT/US99/03S47 




WO 99/42158 



5/6 



PCT/US99/03547 




SUBSTITUTE SHEET (RULE 26) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
A61M 25/01, C22F 1700 



A3 



(11) International Publication Number: WO 99/42158 

(43) International Publication Date: 26 August 1999 (26.08.99) 



(21) International Application Number: PCT/US99/03547 

(22) International Filing Date: 19 February 1999 (19.02.99) 



(30) Priority Data: 
09/026,357 



19 February 1998 (19.02.98) US 



(71) Applicant: PERCUSURGE, INC. [US/US]; 777 North Pastoria 
Avenue, Sunnyvale, CA 94086 (US). 

(72) Inventors: MUNI, Ketan, P.; 97 Frontier Trail Drive, San 
Jose, CA 95136 (US). LAM, Sivette; 609 Capital Avenue 
#143, San Jose, CA 95133 (US). DOMINGO, Juan, 
T.; 33063 Brockway Court, Union City, CA 94587 (US). 
ZADNO-AZEI, Gholam-Reza; 8213 Del Monte Avenue, 
Newark, CA 94560 (US). OMALEKI, Samuel; 13620 
Uvas Road, Morgan Hill, CA 95037 (US). KIM, Isaac, 
J.; 3900 Moorpark Avenue #123, San Jose, CA 951 17 (US). 
BAGAOISAN, Celso, J.; 4441 Pomponi Street, Union City, 
CA 94587 (US). 

(74) Agent: NATAUPSKY, Steven, J.; Knobbe, Martens, Olson & 
Bear, LLP, 16th floor, 620 Newport Center Drive, Newport 
Beach, CA 92660 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG. MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU. SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM. KE, LS, MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM. GA, GN, GW. ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments. 

(88) Date of publication of the international search report: 

28 October 1999 (28.10.99) 



(54) Title: CORE OR GUIDE WIRE WITH SHAPABLE TIP 




40 



(57) Abstract 

The present invention provides an improved core wire for use in a medical catheter. In one aspect, the invention provides a core wire 
with a shapeable tip and method of manufacturing the same. A core wire previously made superelastic is subject to additional processing 
to remove its superelasticity thereby allowing the material to be shapeable to aid in advancing the core wire through a blood vessel or other 
body cavities. In another aspect of the present invention, a method is provided for securing the core wire to the distal end of an elongated 
catheter tubular body. The tubular body is mechanically crimped onto the core wire to secure the core wire in place. This crimping method 
has been found to increase the strength of the bond between the core wire and the catheter tube so that greater pull force is required to 
break the 'core wire off from the catheter. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


A2 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HV 


Hungary 


ML 


Mali- 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KF 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



Internal!' S Application No 

PCT/Ui 99/03547 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61M25/81 C22F1/00 



Aooorcfing to International Patent Oassfficabon (IPC) or to both national classification and IPC 


B. RELOS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 




IPC 6 A61M C22F 




Documentation searched other than minimum documentation to the extent that such documents are inc 


Juried in the holds searched 



Electron io data base consulted during the international search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 97 11735 A (INTERVENTIONAL INNOVATIONS 
CORPORATION) 3 April 1997 (1997-04-03) 
abstract 

page 3, line 20 - page 4, line 35 
page 6, line 3 - line 35; claims 1-4,6; 
' figures 1-6 


1-42 


A 


l EP 0 812 928 A (NITINOL DEVICES & 
.COMPONENTS I) 

17 December 1997 (1997-12-17) 
abstract 

column 3, line 32 - line 38; claim 1; 
.figures 1-8 

"r — — — 

-/- 


1,7-10 



Further doouments ore listed in the continuation of box C. 



m 



Patent family members are fitted in annex. 



° Special categories of cited doouments : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earfier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority olairn(i) or 
which it cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the intemational filing data but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not In oonfllot with the application but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve on inventive step when the document is taken alone 

*Y" document of particular relsvanoe; the claimed invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such doou- 
ments, such combination being obvious to a person skilled 
tntheart 

document member of the same patent family 



Dote of the actual completion of the intemational search 

8 June 1999 


Date of maifing of the intemational search report 

1 4 09. 1999 


Name and maiing address of the ISA 

European Patent Office, P.B. 5818 PatantSaan 2 
NL-2280 HV RQswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nt, 
Fax (+31-70) 340-3016 


Authorized officer 

Michels, N 



Form PCT/tSA/210 (ucond sheet) (Juty 1992) 



page 1 of 2 





INTcHNA I iunal stbAHon rterurt i 


Intemati'*- Application No 

PCT/lo 99/03547 


{^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with tncfioelion, where oppropiwta, of tho relevont pottage* 


Relevant to claim No. 


A 


US 5 368 049 A (RAMAN ET AL.) 
29 November 1994 (1994-11-29) 
abstract 

column 3, line 3 - line 52 

column 4, line 35 - column 5, line 14 

column 6, line 27 - line 6; figures 1-3 




1-42 


A,P 


US 5 782 741 A (BRADSHAW ET AL.) 
21 July 1998 (1998-07-21) 
abstract 

column 2, line 37 - line 64 
column 5, line 36 - column 7, line 35; 
figures 1-3 

• • x ■ 


• 


1-42 



Form PCTASA/210 (continuation of Mcond inert} (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



international application No. 

PCT/US 99/03547 



Box < Observations where certain claims were found unsearchable (Continuation f item 1 f first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. | ) Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box I! Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . I j As all required additional search fees were timely paid by the applioant, this International Search Report covers all 
■ — ' searchable claims. 



2. j j As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. [yl No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by olaims Nos.: 

1-42 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/US 99/03547 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



1. Claims: 1-42 

guide or core wire or catheter with imparted superelasticity 
having a shapable distal part due to removed of 
superelasticity 



2. Claims: 43-51 



catheter or guidewire with a core wire secured by crimping 



i 



m i cm 






lntemat*~tal Application No 


It 


nation on patent family me 


imbers 


DPT. C 




Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


members) 




date 



WO 9711735 A 03-04-1997 AU 7167296 A 17-04-1997 



EP 0812928 


A 


17-12- 


-1997 


US 


5843244 A 


Ai i o i AAA 

01-12-1998 










CA 


2206765 A 


13-12-1997 










JP 


10147851 A 


02-06-1998 


US 5368049 


A 


29-11- 


■1994 


CA 


2069052 A 


22-11-1992 










DE 


69221937 D 


09-10-1997 










DE 


69221937 T 


05-02-1998 










EP 


0515201 A 


25-11-1992 










ES 


2106139 T 


01-11-1997 










HK 


1002626 A 


04-09-1998 










JP 


6169996 A 


21-06-1994 


US 5782741 


A 


21-07- 


■1998 


AU 


5173098 A 


03-06-1998 










WO 


9820935 A 


22-05-1998 



Form PCT/lSA/210 (patont tamity annex) (July 1992} 



